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BACKGRO U ND OF THE INVENTION 
(FIELD OF THE INVENTION) 
The present invention relates to a laminated board comprising a hard 
plate of metal, industrial plastics or the like and a foamed resin. 
Description of the Related Art: 

Conventionally, various structures have been proposed as a laminate 
sound insulation board for giving damping performance and sound 
insulating performance to a hard plate of metal, industrial plastics or the 
like. 

For example, in a constraining type vibration damping structure in 
which a vibrating damping material is put between the hard plate and a 
constraining plate having bending rigidity equal to the hard plate to form a 
laminated plate, the laminated plate is manufactured by laminating the 
hard plate and the constraining plate so that the vibration damping material 
is interposed between them, and mutually adhering the members in this 
state by heating or pressurization to integrate them. This laminated plate 
is then made into a prescribed shape by plastic forming such as press work. 

In the above-mentioned constraining type vibration damping 
structure, conventionally, a metal or the like has been used as the 
constraining plate, but the use of a polymer material such as resin is desired 
because the manufacture is facilitated, and a low cost can be realized. 
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However, when the elastic modulus of the polymer material such as resin is 
increased to obtain the rigidity equal to the hard plate, the elongation is 
deteriorated to impair the moldability. Therefore, in the use of the resin or 
the like as the retraining plate, the vibration damping material and the 
constraining plate must be adhered in the above manufacturing process after 
the hard plate is pressed into a prescribed shape. 

On the other hand, in a vibration damping structure in which a 
constraining or unconstraining (free) type vibration damping material is 
stuck to the hard plate to form a laminated plate, sticking of a vibration 
damping material having a thickness about 1-2 times the plate thickness of 
the hard plate is needed to enhance the vibration damping performance 
when a resin or the like as the vibration damping material. If the press 
work of the laminated plate is carried out in the state where the vibration 
damping material is stuck thereto, the shape and dimensional precision after 
press work is seriously impaired. In this case, therefore, the work for 
sticking the vibration damping material is carried out after the hard plate is 
pressed into the prescribed shape. 

However, the above-mentioned conventional laminated plates of both 
the structures have the problem that the applicable place or shape is 
restricted because the resin is adhered after pressing the hard plate into the 
prescribed shape. 

The conventional laminated plates further have the problem that the 
large thickness as the whole laminated plate makes it extremely difficult to 
press into a prescribed shape after constituting the laminated plate. 

In the manufacturing process of an automobile, for example, the 
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resin as the vibration damping material is set in a prescribed position in the 
middle of assembling process after the hard plate is made into a prescribed 
shape by press work, and thermally fused by the heating of the following 
baking finish process and the dead weight of the vibration damping material. 
Therefore, the applicable position of the resin is limited to the bottom upper 
surface, and it is difficult to apply the vibration damping material to the side 
surface or roof reverse side. Further, since the resin is pressed and adhered 
by the dead weight, the adhesive force is weakened when the weight of the 
resin is reduced. 

S UMMARY OF THE INVENTION 

In consideration of the above problems, the present invention thus 
has an object to provide a foamed resin laminate sound insulation board 
capable of exhibiting sound proofing performance, which is free from 
restrictions of shape, applicable place and weight, thinned as the whole 
laminated plate to enhance plastic workability such as press work, and 
provided with sufficient damping performance in a final using state after a 
heating foaming process; and a method for manufacturing the same. 

Means for solving the problems in the present invention are 
described. 

A foamed resin laminate sound insulation board according to a first 
invention is a laminated plate comprising at least an unfoamed foamable 
resin to be foamed at a foaming temperature by heating and a hard plate. 

A foamed resin laminate sound insulation board according to a 
second invention is a laminated plate comprising at least an unfoamed first 
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foamable resin to be foamed at a foaming temperature by heating, an 
unfoamed second foamable resin to be foamed at a foaming temperature by 
heating, and a hard plate. 

In a foamed resin laminate sound insulation board according to a 
third invention, the foaming temperature of the first foamable resin is 
differed from that of the second foamable resin. 

In a foamed resin laminate sound insulation board according to a 
fourth invention, the melting point of the first formable resin is differed from 
that of the second foamable resin. 

In a foamed resin laminate sound insulation board according to a 
fifth invention, the laminated plate is formed by laminating the foamable 
resin, the non-foamable resin not foamable by heating, and the hard plate in 
this order. 

In a foamed resin laminate sound insulation board according to a 
sixth invention, the foamable resin is heated at a temperature lower than the 
foaming temperature, and thermally fused to form the laminated plate. 

In a foamed resin laminate sound insulation board according to a 
seventh invention, the non-foamable resin is heated at a temperature lower 
than the foaming temperature, and thermally fused to form the laminated 
plate. 

In a foamed resin laminate sound insulation board according to an 
eighth invention, the melting point of the non-foamable resin is higher than 
the melting point of the foamable resin. 

In a foamed resin laminate sound insulation board according to a 
ninth invention, the non-foamable resin is a thermosetting resin or 



4 



thermoplastic resin. 

In a foamed resin laminate sound insulation board according to a 
tenth invention, the foamable resin is a thermosetting resin or thermoplastic 
resin. 

In a foamed resin laminate sound insulation board according to an 
eleventh invention, the melting point of the thermoplastic resin is 100-260°C. 

In a foamed resin laminate sound insulation board according to an 
twelfth invention, the foaming temperature is set to 120-300°C. 

In a foamed resin laminate sound insulation board according to a 
thirteenth invention, the foamable resin is made into a foamed resin by 
heating the foamed resin laminate sound insulation board to the foaming 
temperature. 

In a foamed resin laminate sound insulation board according to a 
fifteenth invention, in the twelfth invention, the foamable resin is made to 
the foamed resin by heating after the foamed resin laminate sound 
insulation board is worked into a prescribed shape. 

A method for manufacturing a foamed resin laminate sound 
insulation board according to a sixteenth invention comprises a laminating 
process for laminating at least an unfoamed foamable resin to be foamed at a 
foaming temperature by heating and a hard plate; and a process for 
integrating the foamable resin to the hard plate at a temperature lower than 
the foaming temperature of the foamable resin. 

A method for manufacturing a foamed resin laminate sound 
insulation board according to a seventeenth invention comprises the 
laminating process, the integrating process, and a heating process for 
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making the foamable resin to a foamed resin by heating to the foaming 
temperature of the foamable resin. 

A method for manufacturing a foamed resin laminate sound 
insulation board according to an eighteenth invention comprises the 
laminating process, the integrating process, a molding process for working 
the laminate into a prescribed shape in the integrated state, and the heating 
process. 

In a method for manufacturing a foamed resin laminate sound 
insulation board according to a nineteenth invention, the heating process is 
carried out simultaneously with the heating process of baking painting. 

BRIEF DE S CRIPTION OF THE DRAWING S 
Fig. 1 is a schematic structural view of a foamed resin laminate 
sound insulation board according to a first embodiment of the present 
invention, wherein (a) shows the state where a foamable resin is in an 
unfoamed state, and (b) shows the state where the foamable resin is made to 
a foamed resin. 

Fig. 2 is a schematic structural view of a foamed resin laminate 
sound insulation board according to a second embodiment of the present 
invention, wherein (a) shows the state where a foamable resin is in an 
unfoamed state, and (b) shows the state where the foamable resin is made to 
a foamed resin. 

Fig. 3 is a schematic structural view for describing a manufacturing 
method according to a first embodiment of the present invention. 

Fig. 4 is a schematic structural view of a foamed resin laminate 
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sound insulation board according to another embodiment of the present 
invention, wherein (a) shows the state where a foamable resin is in an 
unfoamed state, and (b) shows the state where the foamable resin is made 
into a foamed resin. 

DESCRIPT I ON OF THE PREFERRED EM B ODIMENT S 

Preferred embodiments of the present invention are further 
described in reference to accompanying drawings. 

The schematic view of a foamed resin laminate sound insulation 
board 1 as a first embodiment of the present invention is shown in Fig. 1. 
This foamed resin laminate sound insulation board 1 comprises, as shown in 
Fig. 1(a), a foamable resin 3a to be foamed by heating to a foaming 
temperature, a non-foamable resin 4 not foamable even by heating, and a 
highly rigid hard plate 2 (e.g., steel plate, aluminum alloy plate, etc.), which 
are laminated and integrated in this order. 

In the foamed resin laminate sound insulation board 1, the foamable 
resin 3a and the non-foamable resin 4, and the non-foamable resin 4 and the 
hard plate 2 are thermally fused and adhered to each other by heating and 
pressurizing, respectively. The temperature of the thermal fusion is set 
lower than the foaming temperature of the foamable resin 3a, preferably, the 
melting point of the foamable resin 3a. The adhering method is not limited 
by thermal fusion, and the adhesion may be carried out, for example, by 
applying an adhesive followed by pressurization. 

Since the foamed resin laminate sound insulation board 1 is heated 
at a temperature lower than the foaming temperature of the foamable resin 
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3a, preferably, a temperature lower than the melting point of the foamable 
resin 3a, the laminated plate is formed while the unfoamed state is held. 
This foamed resin laminate sound insulation board 1 is heated to the 
foaming temperature to make the foamable resin 3a to a foamed resin 3b, as 
shown in Fig. 1(b), whereby the thickness can be increased. 

In the above structure, since the whole laminated plate can be 
thinned if the foamable resin 3a is held in the unfoamed state, the foamed 
resin laminate sound insulation board 1 can be formed into a prescribed 
shape by working (plastic forming, e.g., press work, bending work, etc.). 
Accordingly, the foamed resin laminate sound insulation board 1 can be 
worked into a prescribed shape while ensuring the dimensional and shape 
precision without restrictions of shape, applicable place and weight. 
Further, the thickness of the foamable resin 3a is increased by foaming, 
whereby the rigidity imparting effect can be enhanced, so that the role of the 
constraining plate of the constraining type vibration damping structure can 
be sufficiently played. Consequently, the vibration damping performance 
can be enhanced. 

When the loss factor of the non-foamable resin 4 is set to 0.05-5, 
vibration energy can be sufficiently absorbed, and high vibration damping 
performance can be obtained as the constraining type vibration damping 
structure. The melting point of the non-foamable resin 4 is preferably set 
higher than the melting point of the foamable resin 3a, because the laminate 
integrated state can be held even if heated to the foaming temperature of the 
foamable resin 3a. Further, when a resin capable of forming closed cells by 
heating is used as the foamable resin 3a, the reduction in equivalent elastic 
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modulus of the whole foamed resin can be confined to a reduction inversely 
proportional to one power of the foaming magnification even when foamed at 
a high magnification. 

When a metal powder is added to the foamable resin 3a or the non- 
foamable resin 4, the sound insulating performance can be enhanced because 
the density of the resin 3a, 4 is increased, and when a conductive material is 
used, the weldability can be improved. When a lubricant is added to the 
foamable resin 3a, the contact friction with a metal mold in press molding 
can be reduced to prevent the rupture of the resin. The same effect can be 
obtained also by sticking a film exclusive for lubrication to the surface of the 
foamable resin 3a or applying a coating for lubrication thereto. 

When the non-foamable resin 4 is a vibration damping resin, the 
vibration damping property can be further imparted. The non-foamable 
resin 4 may be an adhesive layer for integrating the foamable resin 3a to the 
hard plate 2. 

The schematic view of a foamed resin laminate sound insulation 
board 1 as a second embodiment of the present invention is shown in Fig .2. 
The foamed resin laminate sound insulation board 1 comprises, as shown in 
Fig. 2(a), a first foamable resin 3a to be foamed by heating to a foaming 
temperature, a second foamable resin 3c differed in foaming temperature 
from the first foamable resin 3a, and a highly rigid hard plate 2, which are 
laminated and integrated in this order. 

In this foamed resin laminate sound insulation board 1, the first 
foamable resin 3a and the second foamable resin 3c, and the second formable 
resin 3c and the hard plate 2 are thermally fused and adhered to each other 
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by heating and pressurizing, respectively. The temperature of the thermal 
fusion is set lower than the foaming temperature. The adhering method is 
not limited by thermal fusion, and the adhesion may be carried out by 
applying, for example, an adhesive followed by pressurization. 

Since the foamed resin laminate sound insulation board 1 is heated 
and thermally fused at a temperature lower than the foaming temperatures 
of the first foamable resin 3a and the second foamable resin 3c, the 
laminated plate is formed while the unfoamed state is held. The foamed 
resin laminate sound insulation board 1 is then heated to the foaming 
temperature to make the first foamable resin 3a and the first formable resin 
3b to a first foamed resin 3c and a second foamed resin 3d, respectively, as 
shown in Fig. 2(b), whereby the thickness can be increased. 

At this time, the foaming temperatures of the first foamable resin 3a 
and the second foamable resin 3c are set so that the foaming temperature of 
the second foamable resin 3c is lower than that of the first foamable resin 3a. 
The melting point of the second foamable resin 3c is set lower than that of 
the first foamable resin 3a. Accordingly, the first and second foamable 
resins can be independently foamed: For example, only the second 
foamable resin 3c is made into the foamed resin 3d at a certain heating 
temperature, and the first foamable resin 3a is then made to the foamed 
resin 3b at a higher heating temperature. The heating temperature for 
adhering the second foamable resin 3c to the hard plate 2 is preferably set to 
the foaming temperature capable of foaming the second foamable resin 3c. 
In the use of a thermosetting resin as the second foamable resin 3c, for 
example, even if the second foamable resin 3c is foamed by heating, and the 
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first foamable resin 3a and the second foamable resin 3c are then heated to 
the foaming temperature, the softening/fusing or new foaming of the second 
foamable resin 3c which is made into the foamed resin 3d is never caused. 
Accordingly, the first foamable resin 3a and the second foamable resin 3c can 
be integrally held integrated as the foamed resin laminate sound insulation 
board without being dropped out from the hard plate 2. 

It is also preferable to differ not the foaming temperature but the 
melting point between the first foamable resin and the second foamable resin. 
In this case, the melting points of the first foamable resin 3a and the second 
foamable resin 3c are set so that the melting point of the second foamable 
resin 3c is higher than that of the first foamable resin 3a. The second 
foamable resin 3c is laminated first on the hard plate, and the first foamable 
resin 3a is then laminated and adhered by heating. In the use of a 
thermosetting resin as the second foamable resin 3c, for example, the second 
foamable resin 3c is never softened even if heated, and the softening/fusing 
of the second foamable resin 3c which is made into the foamed resin 3d is 
never caused even if the first foamable resin 3a and the second foamable 
resin 3c are then heated to the foaming temperature. Accordingly, the first 
foamable resin 3a and the second foamable resin 3c can be integrally held as 
the foamed resin laminate sound insulation board without being dropping 
out from the hard plate 2. 

Further, The rigidity imparting effect is enhanced by increasing the 
thickness of the first foamable resin 3 a by foaming, and the conversion 
efficiency to thermal energy accompanied by shear deformation of the second 
foamed resin is enhanced by increasing the viscosity of the second foamable 
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resin 3c and reducing the equivalent elastic modulus in the foamed resin 
state, whereby an excellent constraining type vibration damping structure 
can be provided. 

In the above structure, if the first foamable resin 3a and the second 
foamable resin 3c are held in the unfoamed state, the foamed resin laminate 
sound insulation board 1 can be made into a desired shape by press work 
because the thickness of the whole laminated plate is small. Therefore, the 
foamed resin laminate sound insulation board 1 can be pressed into the 
prescribed shape while ensuring the dimensional and shape precision 
without restrictions of shape, applicable place and weight. Further, the 
rigidity imparting effect can be enhanced by increasing the thickness of the 
first foamable resin 3a, so that the role of the constraining plate of the 
constraining type vibration damping structure can be sufficiently played. 
Consequently, the vibration damping performance can be enhanced. 

When the loss factor of the second foamable resin 3c after foaming is 
set to 0.05-5, vibration energy can be sufficiently absorbed, and high 
damping performance can be obtained as the constraining type vibration 
damping structure. When a resin capable of forming closed cells by heating 
is used as the first foamable resin 3a and the second foamable resin 3c, the 
reduction in equivalent elastic modulus can be confined to a reduction 
inversely proportional to one power of the foaming magnification even if 
foamed at a high magnification. 

When a resin capable of forming open cells by heating is used as the 
first foamable resin 3a and the second foamable resin 3c, the equivalent 
elastic modulus can be remarkably reduced to provide an excellent 
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constraining type vibration damping structure. In addition to this, the 
foaming magnification is adjusted to form a foamed resin having open cells, 
whereby sound absorbing property can be given, and the sound absorbing 
performance can be thus enhanced in a wide frequency range. 

In addition, the sound isolation board with the optimal sound 
absorbing performance according to the purpose can be obtained by adjusting 
the foaming magnification of the first foamable resin and the second 
foamable resin, using the resin which can form open cells as the first 
foamable resin which can be foamed by heating. 

When a metal power is added to the first foamable resin 3a or the 
second foamable resin 3c, the sound insulating performance can be enhanced 
because the density of the resin 3a, 4 is increased, and when a conductive 
material is used, the weldability can be improved. When a lubricant is 
added to the foamable resin 3a, the contact friction with a metal mold can be 
reduced in press molding to prevent the rupture of the resin. The same 
effect can be obtained also by sticking a film exclusive for lubrication to the 
surface of the foamable resin 3a or applying a coating for lubrication thereto. 

The manufacturing process of the foamed resin laminate sound 
insulation board 1 will be then described in reference to Figs. 3(a)-(d). 

A foamable resin film is formed first. Materials for constituting the 
foamable resin 3a are mixed. The materials include a resin and a foaming 
agent, and a material for imparting adhesive strength, damping strength or 
lubricating property or a metal powder is added thereto as occasion demands. 
These materials are sufficiently kneaded, and then sheeted into a foamable 
resin film, which is then wound in a coil shape. 
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The melting point of the resin included in the materials is preferably 
set lower than the decomposing temperature of the foaming agent by 20-30°C. 
By doing this, the foaming can be prevented even if the temperature of the 
resin is raised by the mixing. 

Anon-foamable resin film is then formed. Materials for constituting 
the non-foamable resin 4 are mixed. The materials include a resin, and a 
material for imparting adhesive strength, damping strength or lubricating 
property or a metal powder is added thereto as occasion demands. These 
materials are sufficiently kneaded and then sheeted into a non-foamable 
resin film, which is then wound in a coil shape. 

The foamable resin film and the non-foamable resin film may be 
rolled in a coil shape after mutually stuck and integrated by thermal fusion 
or through an adhesive. In each case, the film foamable resin 3a can be 
coiled since it is in an unfoamed state with a small thickness. Therefore, 
the applicable place is not limited because the films can be carried in the 
coiled shapes and unwound from the coils in a construction site. 
(Laminating Process) 

The non-foamable resin film and foamable resin film are unwound 
while unwinding the coiled hard plate 2, as shown in Fig. 3(a) to laminate 
the non-foamable resin 4, the foamable resin 3a and the hard plate 2 in this 
order. 

(Laminate Integrating Process) 

These materials are heated in the laminated state, as shown in Fig. 
3(b), and integrated by thermal fusion to form the foamed resin laminate 
sound insulation plate 1. At this time, pressurization may be carried out 
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according to the heating. The adhering method is not limited to thermal 
fusion, and the adhesion and integration may be performed, for example, by 
applying an adhesive followed by pressurization. 

The thermal fusing temperature of the foamable resin 3a and the 
non-foamable resin 4 is set lower than the foaming temperature. Therefore, 
the heating temperature for thermal fusion can be set lower than the 
foaming temperature, and the thermal fusion can be performed without 
causing the foaming of the foamable resin 3a even if heated. 

It is unnecessary that the hard plate 2, the non-foamable resin film 4, 
and the foamable resin film 3a are integrated at the same time as described 
above. The integration may be performed by adhering the non-foamable 
resin film 4 to the hard plate 2, and then adhering the foamable resin film 3a 
to the non-foamable resin film 4. According to this, one laminating process 
can be more easily carried out because the films are unwound from two coils, 
than in the case when the films are unwound from three coils. 

When the foamable resin film and the non-foamable resin film are 
coiled in one as a laminate integrated film, the formable resin film 3a and 
the non-foamable resin film 4 can be simultaneously laminated on the hard 
plate 2 by drawing them from two coils. 
(Molding Process) 

The thus-manufactured foamed resin laminate sound insulation 
board 1 is further pressed in the laminate integrated state and made into a 
prescribed shape as shown in Fig. 3(c). At this time, since the foamable 
resin 3a is in the unfoamed state, it is easy to press with a small thickness. 
Accordingly, the sound insulation board can be pressed into the prescribed 
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shape while ensuring the dimensional and shape precision without 
restrictions of shape and applicable place as the laminated board. The 
molding process is not limited to press work, and plastic forming such as 
bending work can be adapted. When requiring no working as the 
application in a flat shape, this process may be omitted. 
(Heating Process) 

The foamable resin 3a is foamed and made into the foamed resin 3b 
by heating to the foaming temperature as shown in Fig. 3 (d). The foamable 
resin 3a is made into the foamed resin 3b and increased in thickness, 
whereby the bending rigidity can be enhanced. 

The melting point of the non -foamable resin 4 is preferably set higher 
than the foaming temperature. By doing this, the laminate integrated state 
of the foamed resin 3b, the non-foamable resin 4, and the hard plate 2 can be 
held even after the end of the heating process since the non-foamable resin 4 
is not melted even if the foamed resin laminate sound insulation board 1 is 
heated to the foaming temperature. 

The non-foamable resin 4 is preferably a thermosetting resin. Since 
the non-foamable resin 4 is cured when the foamed resin laminate sound 
insulation board 1 is heated to the foaming temperature, the laminate 
integrated state of the foamable resin 3a, the non-foamable resin 4 and the 
hard plate 2 can be held, and a required sound insulating performance can 
be obtained after the end of heating treatment. Further, the non-foamable 
resin 4 is preferably a thermosetting resin. Since it can be separated from 
the hard plate by heating to a high temperature, the recyclability can be 
enhanced. 
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The foam able resin 3 a is preferably a thermoplastic resin. When 
the foamed resin laminate sound insulation board 1 is heated to the foaming 
temperature, the softening of the foamable resin 3a is thus progressed 
simultaneously with decomposition and gas generation, and the foaming can 
be sufficiently performed. Further, the foamable resin 3a is preferably a 
thermosetting resin. In the combination of the first foamable resin, the 
second foamable resin and the hard plate, when the thermosetting resin is 
used as one foamable resin and heated to the foaming temperature, it is 
cured with foaming. Accordingly, even if heated to the foaming temperature 
of the other foamable resin, the one foamable resin (after foaming) us never 
melted or foamed. 

The melting points of the first formable resin and the second 
foamable resin are preferably differed to each other. By doing this, since 
the second foamable resin is never softened even if heated to the foaming 
temperature in the use of a thermosetting resin as the second foamable resin, 
the first foamable resin and the second foamable resin can be held in an 
integrated state without being dropping out from the hard plate, and 
required sound proofing performance can be obtained after the end of the 
heating treatment. 

Examples of the thermoplastic resin constituting the foamable resin 
3a includes polyester, nylon, polyolefin, and the like, and its melting point is 
preferably 100-260 °C since the melting point of polyester terephthalate 
(PET) is 250-260°C, the melting point of nylon is 179-260°C, the melting 
point of polyethylene is 100-140°C, and the melting point of polypropylene is 
160-170°C. The foamable resin 3a can be foamed to form the foamed resin 
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3b by heating to 120-300°C. A thermosetting resin is also usable when its 
melting point is within the above range, and as the non-foamable resin 4, the 
above resins can be used in the same manner. 

The thermosetting resin to be used can be determined, in both uses 
as the foamable resin 3a and the non-foamable resin 4, according to whether 
it is used as the foamable resin 3a or the non-foamable resin 4 and the 
temperature condition to be used, and is not particularly limited. 
Polyurethane, thermosetting polyester resin or epoxy resin is preferably 
used. When the thermosetting resin is used as the foamed resin 3b, its 
melting point is preferably 100-260°C. The foamable resin 3a can be foamed 
into the foamed resin 3b by heating to 120-300°C. 

The above foaming temperature is preferably set to 120-300 °C. 
Since the foamable resin in the present invention is apt to deteriorate when 
heated at a temperature higher than the melting point by about 40°C, it is 
necessary to set the foaming temperature to not more than a temperature 
higher than the melting point of the foamable resin by 40°C at the highest. 
The foamable resin 3a can be foamed without deterioration by heating to 
120-300°C. 

In the above embodiment, film sheet-shaped foamable resin and non- 
foamable resin are used in the laminating process and laminate integrating 
process. This invention is not limited by this, and either one of the 
foamable resin and the non-foamable resin (in this case, the other may be a 
film sheet) or the both can be applied to the surface of the hard plate or the 
surface laminated with the film sheet in a dissolved state or in a state 
dissolved in a solvent by use of a roll or spray. In this case, the laminating 
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process and the laminate integrating process are simultaneously carried out. 
When the application is adapted, a drying process is preferably performed 
after the application. 

As described above, the foamed resin laminate sound insulation 
board 1 of this embodiment comprises the unfoamed foamable resin 3a to be 
foamed at its foaming temperature by heating and the hard plate 2. The 
laminated plate is pressed into a prescribed shape as the foamable resin 3a is 
held in the unfoamed state, and then heated to make the foamable resin 3a 
to the foamed resin 3b, whereby the thickness can be increased. Therefore, 
the laminated plate before foaming can be thinned, and pressed into a 
prescribed shape while ensuring the dimensional and shape precision 
without restrictions of shape, applicable place and weight as the laminated 
plate. Further, the rigidity imparting effect or vibration damping 
performance can be also enhanced by increasing the thickness of the 
foamable resin 3a by foaming. 

In this embodiment, the foamed resin laminate sound insulation 
board 1 comprising the foamable resin 3a, the non-foamable resin 4 and the 
hard plate 2, which are laminated in this order, is described, but the present 
invention is not limited thereby. Namely, a foamed resin laminate sound 
insulation board in which only the formable resin to be foamed at the 
foaming temperature by heating is laminated and integrated to the hard 
plate may be adapted. According to this, the laminated plate before 
foaming can be thinned, and the thickness of the foamable resin 3a is 
increased by foaming without restrictions of shape, applicable place and 
weight, whereby the rigidity imparting effect can be enhanced to realize a 
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non-constraining type vibration damping structure capable of exhibiting 
sufficient vibration damping performance. 

As shown in Fig. 4(a), the non-foamable resin 4, the foamable resin 
3a and the hard plate 2 may be laminated and integrated in this order. The 
foamable resin 3a is heated to the foaming temperature and made into the 
foamed resin 3b, whereby the elastic modulus can be reduced as the whole 
foamed resin 3b. The foamed resin 3b thus plays the role of an air spring in 
the state interposed between the non-foamable resin 4 and the hard plate 2, 
and a double wall structure can be realized to obtain high sound insulating 
performance. 

When the loss factor of the foamable resin 3a is set to 0.05-5, 
vibration energy can be sufficiently absorbed to suppress the resonance as 
the double wall structure in which the non-foamable resin 4 and the hard 
plate 2 is connected to the air spring. Accordingly, high sound insulating 
performance can be obtained as the double wall structure. The cell 
dimension is enlarged when the foamable resin 3a is made to the foamed 
resin 3b, whereby the elastic modulus can be reduced as the whole foamed 
resin. Even if the cell dimension cannot be enlarged, a resin capable of 
forming open cells by heating is used as the foamable resin 3a, whereby the 
elastic modulus can be remarkably reduced as the whole foamed resin 
because cracking is caused between adjacent cells. 

Further, since a friction or flow resistance is caused when the 
internal gas in the bubbles flows in the crack generated between the 
adjacent cells to convert the vibrating energy of the gas to a thermal energy, 
the sound absorbing performance can be given. According to this, a foamed 
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resin having open cells is laminated on the surface of the hard plate, 
whereby a foamed resin laminate sound insulation board enhanced in sound 
absorbing property can be provided. Further, the foamed resin having open 
cells is arranged between a non-foamed resin or foamed resin having closed 
cells and the hard plate, whereby a foamed resin laminate sound insulation 
board having both excellent vibration damping property and sound 
insulating property can be provided. 

When a lubricant is added to the non-foamable resin 4, the contact 
friction with a metal mold in press molding can be reduced to prevent the 
rupture of the non-foamable resin 4. The same effect can be obtained also 
by sticking a film exclusive for lubrication to the surface of the non-foamable 
resin 4 or applying a coating for lubrication thereto. 

In the example of Fig. 4, a non-foamable material, e.g., metal plate, 
metal foil or the like, can be used instead of the non-foamable resin. 

In the above-mentioned manufacturing process of the foamed resin 
laminate sound insulation board 1, the heating process may be carried out 
simultaneously with a heating treatment for baking finish. Since the 
mechanism or work for the heating process for foaming the foamable resin is 
dispensed with, the working efficiency can be enhanced to significantly 
reduce the manufacturing cost. 

The size and number of cells can be adjusted according to the 
material of the foamable resin, the quantity of the foaming gent, the progress 
of foaming, and the like, whereby the thickness of the foamed resin or the 
damping performance can be adjusted. These conditions are selected 
according to the required performance of the laminated plate. 
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As described above, according to the first invention, since the 
laminated plate can be thinned if the foamable resin is held in the unfoamed 
state, the laminated plate is made into a prescribed shape by press work or 
the like, and then heated to the foaming temperature to make the foamable 
resin to the foamed resin, whereby the thickness can be increased. 
Therefore, the laminated plate can be pressed into a prescribed shape while 
ensuring the dimensional and shape precision without restrictions of shape, 
applicable place, and weight, and the rigidity imparting effect or vibration 
damping performance can be enhanced by increasing the thickness of the 
foamable resin to exhibit the sound proofing performance. When a metal 
powder is added to the foamable resin, the sound insulating performance can 
be enhanced because the density of the resin is increased, and when a 
conductive material, the weldability can be improved. 

According to the second, third and fourth invention, since the 
laminated plate can be thinned if the first foamable resin and the second 
foamable resin are kept in the unfoamed state, the laminated plate is made 
into a prescribed shape by press work or the like, and then heated to the 
foaming temperature to make the foamable resin to the foamed resin, 
whereby the thickness can be increased. Therefore, the laminated plate can 
be pressed into a prescribed shape while ensuring the dimensional and shape 
precision without restrictions of shape, applicable place and weight, and the 
rigidity imparting effect or vibration damping performance, sound absorbing 
performance, and sound insulating performance can be enhanced by 
increasing the thickness of the foamable resin to exhibit the sound proofing 
performance. When a metal powder is added to the foamable resin, the 
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sound insulating performance can be enhanced because the density of the 
resin is increased, and when a conductive material is used, the weldability 
can be improved. 

When, the foaming temperature of the first formable resin and the 
second foamable resin are preferably differed to each other. By doing this, 
the thermosetting resin is used as one foamable resin and heated to the 
foaming temperature, it is cured with foaming. Accordingly, even if heated 
to the foaming temperature of the other foamable resin, the one foamable 
resin (after foaming) us never melted or foamed. 

When, the melting points of the first foamable resin and the second 
foamable resin are preferably differed to each other. By doing this, since 
the second foamable resin is never softened even if heated to the foaming 
temperature in the use of a thermosetting resin as the second foamable resin, 
the first foamable resin and the second foamable resin can be held in an 
integrated state without being dropping out from the hard plate, and 
required sound proofing performance can be obtained after the end of the 
heating treatment. 

Further, a foamed resin having open cells is laminated on the surface 
of the hard plate, whereby a foamed resin laminate sound insulation board 
enhanced in sound absorbing property can be provided. Further, the 
foamed resin having open cells is arranged between a foamed resin having 
closed cells and the hard plate, whereby a foamed resin laminate sound 
insulation board having both excellent vibration damping property and 
sound insulating property can be provided. 

Further, a resin capable of forming open cells by heating is used as 
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the first foamable resin and the second foamable resin, the equivalent elastic 
modulus can be remarkably reduced to provide an excellent constraining 
type vibration damping structure. In addition to this, the foaming 
magnification is adjusted to form a foamed resin having open cells, whereby 
sound absorbing property can be given, and the sound absorbing 
performance can be thus enhanced in a wide frequency range. 

According to the fifth and sixth inventions, the foamable resin is 
heated to the foaming temperature and made into the foamed resin, whereby 
the elastic modulus as the whole foamed resin can be reduced. Since the 
foamed resin (the foamable resin after foaming) plays the role of an air 
spring in the state interposed between the non-foamable material and the 
hard plate, a double wall structure can be realized to obtain high sound 
insulating performance. 

When the loss factor of the foamable resin is set to 0.05-5, vibration 
energy can be sufficiently absorbed, and the resonance of the hard plate and 
the non-foamable resin can be suppressed to obtain sufficient sound 
insulating performance. The cell dimension is increased when the formable 
resin is made to the foamed resin, whereby the elastic modulus can be 
reduced as the whole foamed resin. Even if the cell dimension cannot be 
increased, a resin capable of forming open cells by heating is used as the 
foamable resin, whereby the elastic modulus can be remarkably reduced as 
the whole foamed resin, and the sound absorbing performance can be 
imparted because cracking is caused between adjacent cells. 

Further, when a non-foamable resin is used as the non-foamable 
material, and a metal powder is added to the non-foamable resin or formable 
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resin, the sound insulating performance can be enhanced because the 
density of the resin is increased. When a conductive material is used, the 
weldability can be improved. When a lubricant is added to the non- 
foamable resin, the contract friction with a metal mold in press molding can 
be reduced to prevent the rupture of the non-foamable resin. The same 
effect can be obtained also by sticking a film exclusive for lubrication to the 
surface of the non-foamable resin or applying a coating for lubrication 
thereto. 

According to the seventh invention, the foamable resin is increased in 
thickness, when heated to the foaming temperature and made into the 
foamed resin, and high bending rigidity can be obtained so that the role of 
the constraining plate of the retraining type vibration damping structure can 
be sufficiently played. 

When the loss factor of the non-foamable resin is set to 0.05-5, 
vibration energy can be sufficiently absorbed, and high vibration damping 
performance can be obtained as the retraining type vibration damping 
structure. When a resin capable of forming closed cells by heating is used 
as the foamable resin, the reduction in elastic modulus can be confined to a 
reduction inversely proportional to one power of the foaming magnification 
even when foamed at a high magnification. 

When a metal powder is added to the foamable resin or the non- 
foamable resin, the sound insulating performance can be enhanced because 
the density of the resin is increased, and when a conductive material is used, 
the weldability can be improved. When a lubricant is added to the foamable 
resin, the contact friction with a metal mold in press molding can be reduced 
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to prevent the rupture of the foamable resin. The same effect can be 
obtained also by sticking a film exclusive for lubrication to the surface of the 
foamable resin or applying a coating for lubrication thereto. 

According to the eighth and twenty-third invention, the foamable 
resin can be thermally fused as it is held in the unfoamed state to form the 
laminated plate. 

According to the ninth and twenty-fourth invention, the non- 
foamable resin can be thermally fused as the foamable resin is held in the 
unfoamed state to form the laminated plate. 

According to the tenth and twenty-fifth invention, since the non- 
foamable resin is not melted even if the foamable resin is heated to the 
foaming temperature, the laminate integrated state of the foamable resin 
made to the foamed resin, the non-foamable resin, and the hard plate can be 
held even after the heating foaming treatment. 

According to the eleventh and twenty-sixth invention, when a 
thermosetting resin is used as the non-foamable resin, the laminate 
integrated state of the foamable resin, the non-foamable resin and the hard 
plate can be held because the non-foamable resin is not softened when 
heated once even if the laminated plate is heated to the foaming temperature, 
and a required sound preventing performance can be obtained after the end 
of the heating treatment. In the laminated plate in which the non-foamable 
resin, the foamable resin and the hard plate are laminated in this order, 
sufficient rigidity can be obtained as the constraining plate of the 
constraining type vibration damping structure. When a thermoplastic resin 
is used as the non-foamable resin, the recyclability can be enhanced because 
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it can be separated from the hard plate by heating to a high temperature. 

According to the twelfth and the twenty-seventh invention, when a 
thermoplastic resin is used as the foamable resin, the foamable resin can be 
sufficiently foamed, when heated to the foaming temperature, since its 
softening is progressed simultaneously with decomposition and gas 
generation. Further, A thermosetting resin can be used as the foamable 
resin. In a combination of two or more foamable resins, when the 
thermosetting resin is used as one foamable resin and heated to the foaming 
temperature, it is not soft, and the one foamable resin (after foaming) is thus 
never melted even if heated to the foaming temperature of the other 
foamable resin. 

According to the thirteenth, fourteenth, twenty-eighth and twenty- 
ninth invention, the foamable resin can be foamed by heating at 120-300°C. 
Examples of the foamable resin include polyesters, nylons, and polyolefins. 

According to the fifteenth and thirtieth invention, a foaming agent is 
mixed to the resin whereby the foamable resin to be foamed by heating can 
be formed. In order to mix the foaming agent, the melting point of the resin 
is set preferably lower than the decomposing temperature of the foaming 
agent by 20-30°C. 

According to the sixteenth and thirty -first invention, the foamable 
resin can be foamed without deterioration by heating to 120-300°C. 

According to the seventeenth, eighteenth, thirty-second and thirty- 
third inventions, the foamable resin is made to the foamed resin by heating, 
and the hard plate is reinforced by the rigidity imparting effect, whereby 
high vibration damping performance and sound insulating performance can 
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be obtained. 

According to the nineteenth invention, the foamable resin can be 
laminated and integrated in the laminating process as it is held in the 
unfoamed state. 

According to the twentieth invention, the foamable resin is thereafter 
made into the foamed resin by heating in the heating process, and the 
thickness is increased to enhance the bending rigidity, whereby the vibrating 
damping performance can be enhanced as the retraining type vibration 
damping structure, or the sound insulating performance can be enhanced as 
the double wall sound insulating structure by increasing the thickness with 
foaming to reduce the spring constant. Therefore, the hard plate can be 
reinforced with the foamed resin, or the vibration damping performance or 
sound insulating performance as the laminated plate is enhanced, whereby 
sound proofing performance can be exhibited. 

According to the twenty -first invention, the laminated plate is made 
into a prescribed shape by press work or the like in the molding process, and 
the foamable resin is made to the foamed resin in the heating process. 
Therefore, the laminated plate can be worked into a prescribed shape while 
ensuring the dimensional and shape precision without restrictions of shape, 
applicable place, and weight, and the vibrating damping performance and 
sound insulating performance can be enhanced to exhibit sound proofing 
performance. 

According to the twenty-secund invention, since the mechanism or 
work for the heating process for forming the foamable resin is dispensed with, 
the working efficiency can be enhanced to significantly reduce the 



28 



manufacturing cost. 
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